Introduction
Synthetic oligonucleotides _nd peptides have enjoyed a wide range of applications in both biology and chemistry. As a consequence, oligonucleotide-peptide conjugates have received considerable attention, most notably in the development of antisense constructs with improved pharmacological properties [1] [2] [3] [4] [5] [6] [7] . In addition, oligonucleotide-peptide conjugates have been used as molecular tags [8] [9] [10] [11] , in the assembly ofsupramolecular arrays [12] and in the construction of encoded combinatorial libraries [13] [14] [15] . To make these chimeric molecules more accessible for a broad range of investigations, we sought to develop a facile method for joining fully deprotected oligonucleotides and peptides through a stable amide bond linkage. Furthermore, we wished to make this ligation reaction addressable, enabling one to direct the ligation of specific oligonucleotide and peptide components.To confer specificity and accelerate the rate of the reaction, the ligation process was designed to be dependent on the presence of a complementary oligonucleotide template.
The ligation chemistry used here is related to a method developed previously for the native chemical ligation of unprotected peptides in solution ( [16] ; see also [17] for commentary , and 1C were radiolabeled at the 3' terminuswith [_-32p]dATP and terminal transferase.The 5'-trityl protecting group was removed from DNA 1A and 18 as described in Materials and methods. DNAlC contains a 5'-hydroxyl rather than 5'-thiol. DNA1 was added to a reaction mixture containing -850 I_M peptide, 30 mM sodium phosphate (pH 8.0), and 2.3 mM spermidine, which was incubated at 25°C for 30min. Reaction products were analyzed by electrophoresis in a 17.5% polyacrylamide/SM urea gel with a running buffer containing 40raM 4-morpholinepropane sulfonic acid (pH 6.5), 45mM borate, and 0.5ram EDTA. The products were visualized by autoradiography. N, NLS peptide; D, dyn peptide.
removed before using the oligonucleotide. The peptides were prepared by stepwise solid-phase synthesis on a thioester resin. The carbox'y-terminal thioacid of the deprotected peptide was converted to the 5-thio-
2-nitrobenzoic acid ester upon incubation
with El]man's reagent (5,5'-dithio-bis(2-nitrobenzoic acid)).The peptides were purified and characterized by HPLC and electrospray mass spectrometry prior to use.
Thioester formation
The first step of the reaction involves formation of a 
Materials and methods
Oligonucleotides and oligonucleotide analogs Synthetic oligonucleotides were purchased from Operon Technologies. DNA 1A and 1B were synthesized by standard phosphoramidite chemistry, the 5'-thiol being introduced by incorporation of S-trityl-2'-O-methoxyuridine. were lyophilized and resuspended in HzO. DNA 2 was prepared by enzymatic addition of 3'-amino, 3'-deoxythymidine to the 3' terminus ofd(GGCCCTC), using terminal transferase and 2',3'-dideoxy, 3'-amino TTP [35] .
Synthesis of thioester peptides
All peptides were synthesized manually using optimized solidphase methods [37] on a thioester resin, prepared by a generalized version of the Blake-Yamashiro procedure [38] [39] [40] . The resulting deprotected thioacid peptide was lyophilized and reacted with 1.2 equivalents ofEllman's tLeagent (5,5'-dithiobis(2-nitrobenzoic acid)) at pH 6.5 for 1 h.The peptides were purified by reverse-phase HPLC (linear gradient of 9 to 45 % CH3CN in 0.1% trifluoroacetic acid (TFA) and H20 over 40 rain). Peptide composition and purity were confirmed by electrospray mass spectrometry. Peptides were resuspended in 30 mM sodium acetate, pH 5.2, at a final concentration of -20 _g la.1-1and stored at -20°C. 
Template-directed formation of amide-linked

